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(57) Problem
To estimate an accurate internal temperature of a

secondary battery, regardless of the type and state of
degradation of the secondary battery.

Solution
A secondary battery internal temperature estimation

device (1) that estimates an internal temperature of a
secondary battery (14), the device including: an estima-
tion means (control unit (10)) that estimates an internal
temperature of the secondary battery on the basis of a
relational equation showing a relationship between an
external temperature and the internal temperature of the
secondary battery; a calculation means (control unit (10))
that calculates element values of an equivalent circuit of
the secondary battery; a determination means (control
unit (10)) that determines a coefficient of the relational
equation on the basis of the element values of the equiv-
alent circuit calculated by the calculation means; and an
application means (control unit (10)) that applies the co-
efficient obtained by the determination means to the re-
lational equation; wherein the estimation means esti-
mates the internal temperature of the secondary battery
on the basis of the relational equation to which the coef-
ficient has been applied by the application means.
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Description

Technical Field

[0001] The present invention relates to a secondary battery internal temperature estimation device and a secondary
battery internal temperature estimation method.

Background Art

[0002] For example, characteristics of secondary batteries such as lead-acid batteries vary with the temperature of
the electrolytic solution, the electrode plates, and the like, that is, the internal temperature. As such, there is a need to
accurately find the internal temperature in order to accurately detect a state of the secondary battery. Particularly, for a
secondary battery installed in a vehicle, the internal temperature changes significantly due to the heat generated by the
engine and the like. Therefore, detection of the internal temperature is essential to accurately detect the state of the
secondary battery.
[0003] Conventionally, techniques such as those described, for example, in Patent Document 1 and Patent Document
2 have been used as techniques for finding the internal temperature of a secondary battery.

Citation List

Patent Documents

[0004]

Patent Document 1: Japanese Unexamined Patent Application Publication No. 2001-076769
Patent Document 2: Japanese Unexamined Patent Application Publication No. 2008-249459

Summary of Invention

Technical Problem

[0005] However, with the techniques described in Patent Documents 1 and 2, the secondary batteries for which the
internal temperature is to be estimated are presumed to be of the same type of secondary battery and, for example, in
cases where a user replaces a secondary battery with a different type of secondary battery, there is a problem in that
the internal temperature cannot be accurately estimated. Additionally, while temperature characteristics of secondary
batteries change with degradation and the like, Patent Documents 1 and 2 do not take degradation and the like of the
secondary battery into consideration and, as such, there is a problem in that, depending on the state of degradation, an
accurate temperature cannot be estimated.
[0006] An object of the present invention is to provide a secondary battery internal temperature estimation device and
a secondary battery internal temperature estimating method that enable the estimation of the accurate internal temper-
ature of a secondary battery, regardless of the type or state of degradation of the secondary battery.

Solution to Problem

[0007] To solve the problems described above, a secondary battery internal temperature estimation device that esti-
mates an internal temperature of a secondary battery includes: an estimation means that estimates an internal temper-
ature of a secondary battery on the basis of a relational equation showing a relationship between an external temperature
and the internal temperature of the secondary battery; a calculation means that calculates element values of an equivalent
circuit of the secondary battery; a determination means that determines a coefficient of the relational equation on the
basis of the element values of the equivalent circuit calculated by the calculation means; and
an application means that applies the coefficient obtained by the determination means to the relational equation; wherein
the estimation means estimates the internal temperature of the secondary battery on the basis of the relational equation
to which the coefficient has been applied by the application means.
[0008] According to this configuration, an accurate internal temperature of a secondary battery can be estimated,
regardless of the type and state of degradation of the secondary battery.
[0009] Additionally, in the present invention, the equivalent circuit of the secondary battery comprises a solution re-
sistance, a reaction resistance, and an electric double layer capacity; and the determination means determines the
coefficient of the relational equation on the basis of one or a plurality of element values of the solution resistance, the
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reaction resistance, and the electric double layer capacity.
[0010] According to this configuration, an equivalent circuit that includes a plurality of elements is used and, as a result,
the internal temperature can be accurately found.
[0011] Additionally, in the present invention, the determination means determines the coefficient of the relational
equation by referencing a dischargeable capacity of the secondary battery in a state of full charge.
[0012] According to this configuration, the dischargeable capacity is referenced and, as a result, the internal temper-
ature can be more accurately found.
[0013] Additionally, the present invention further includes a correction means that corrects the element values calcu-
lated by the calculation means to values at a reference state of charge and at a reference temperature.
[0014] According to this configuration, the element values are found more accurately by correcting them to a reference
state and, as a result, the internal temperature can be found even more accurately.
[0015] Additionally, in the present invention, the estimation means estimates the internal temperature of the secondary
battery by using a transfer function of a first-order lag system as the relational equation.
[0016] According to this configuration, the internal temperature can be accurately found using a simple equation.
[0017] Additionally, in the present invention, the determination means determines an integral gain of the transfer
function of the first-order lag system on the basis of the element values of the equivalent circuit.
[0018] According to this configuration, the number of coefficients to be calculated is reduced and, as a result, processing
can be streamlined.
[0019] Additionally, in the present invention, the calculation means calculates the element values of the equivalent
circuit on the basis of a voltage and a current during discharge of the secondary battery.
[0020] According to this configuration, the element values can be simply and accurately calculated on the basis of the
voltage and the current during discharge.
[0021] Additionally, a secondary battery internal temperature estimation method for estimating an internal temperature
of a secondary battery includes: an estimation step of estimating an internal temperature of a secondary battery on the
basis of a relational equation showing a relationship between an external temperature and the internal temperature of
the secondary battery; a calculation step of calculating element values of an equivalent circuit of the secondary battery;
a determination step of determining a coefficient of the relational equation on the basis of the element values of the
equivalent circuit calculated in the calculation step; and an application step of applying the coefficient obtained in the
determination step to the relational equation; wherein in the estimation step, the internal temperature of the secondary
battery is estimated on the basis of the relational equation to which the coefficient has been applied in the application step.
[0022] According to this method, an accurate internal temperature of a secondary battery can be estimated, regardless
of the type and state of degradation of the secondary battery.

Advantageous Effects of Invention

[0023] According to the present invention, a secondary battery internal temperature estimation device and a secondary
battery internal temperature estimation method can be provided that enable the estimation of the accurate internal
temperature of a secondary battery, regardless of the type or state of degradation of the secondary battery.

Brief Description of Drawings

[0024]

FIG. 1 is a drawing illustrating an example of a configuration of a secondary battery internal temperature estimation
device according to an embodiment of the present invention.
FIG. 2 is a block diagram illustrating a detailed example of a configuration of the control unit illustrated in FIG. 1.
FIG. 3 is a drawing illustrating an example of an equivalent circuit of a secondary battery.
FIG. 4 is a drawing illustrating an example of a thermal model of a secondary battery.
FIG. 5 is a graph showing a relationship between estimated results and actual measurement values.
FIG. 6 is a flowchart for explaining details of the processing that is executed in the embodiment of the present invention.

Description of Embodiments

[0025] Embodiments of the present invention will be described below.

(A) Explanation of Configuration of the First Embodiment

[0026] FIG. 1 is a drawing illustrating a vehicle power supply system equipped with a secondary battery internal
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temperature estimation device according to a first embodiment of the present invention. In FIG. 1, the secondary battery
internal temperature estimation device 1 basically includes a control unit 10, a voltage sensor 11, a current sensor 12,
a temperature sensor 13, and a discharge circuit 15. The secondary battery internal temperature estimation device 1 is
configured to estimate the internal temperature of a secondary battery 14 from an external temperature. Here, the control
unit 10 estimates the internal temperature by calculating element values of an equivalent circuit of the secondary battery
14 while referencing output from the voltage sensor 11, the current sensor 12, and the temperature sensor 13; finding
a coefficient of an equation by which temperature is estimated on the basis of the element values; and substituting the
external temperature detected by the temperature sensor 13 into this equation. The voltage sensor 11 detects the
terminal voltage of the secondary battery 14 and sends the result to the control unit 10. The current sensor 12 detects
the current flowing to the secondary battery 14 and sends the result to the control unit 10. The temperature sensor 13
detects the external temperature of the secondary battery 14 itself or the ambient temperature therearound and sends
the result to the control unit 10. The discharge circuit 15, which is constituted of, for example, a semiconductor switch,
a resistance element, and the like connected in series, discharges the secondary battery 14 through on/off control of
the semiconductor switch performed by the control unit 10. Note that, in the present specification, the term "external
temperature" refers to the temperature of the environmental in which the secondary battery 14 is disposed, and the term
"internal temperature" refers to the temperature inside the secondary battery 14 constituted of electrolytic solution and
electrode plates.
[0027] The secondary battery 14, which is constituted of, for example, a lead-acid battery, a nickel-cadmium battery,
a nickel-metal hydride battery, a lithium-ion battery, or the like, is charged by an alternator 16. In addition, the secondary
battery 14 drives a starter motor 18 to start an engine and supplies electric power to a load 19. The alternator 16 is
driven by the engine 17 to generate AC power that is converted to DC power by a rectifier circuit; the secondary battery
14 is then charged with the DC power.
[0028] The engine 17 is a reciprocating engine such as a petrol engine or a diesel engine, or a rotary engine, for
example. The engine 17 is started by the starter motor 18 and drives drive wheels via a transmission to supply propulsive
power to the vehicle. The engine 17 also drives the alternator 16 to generate electric power. The starter motor 18 is a
DC motor, for example, and generates a rotational force using electric power supplied from the secondary battery 14 to
start the engine 17. Examples of the load 19 include an electric power steering motor, a defogger, an ignition coil, a car
audio system, and a car navigation system, and run on electric power from the secondary battery 14.
[0029] FIG. 2 is a block diagram illustrating a detailed example of a configuration of the control unit 10 illustrated in
FIG. 1. As illustrated in FIG. 2, the control unit 10 includes a central processing unit (CPU) 10a, a read-only memory
(ROM) 10b, a random access memory (RAM) 10c, a communication unit 10d, and an interface (I/F) 10e. Here, the CPU
10a controls components according to a program 10ba stored in the ROM 10b. The ROM 10b, which is, for example, a
semiconductor memory, stores the program 10ba and the like. The RAM 10c, which is, for example, a semiconductor
memory, stores parameters 10ca such as data generated when the program ba is executed and tables and mathematical
expressions described later. The communication unit 10d performs communication with a higher-level device, namely,
an electronic control unit (ECU), and reports detected information to the higher-level device. The I/F 10e converts signals
sent from the voltage sensor 11, the current sensor 12, and the temperature sensor 13 to digital signals and imports the
resulting signals, and furthermore supplies a driving current to the discharge circuit 15 to control the discharge circuit 15.

(B) Explanation of Operation of the Embodiment

[0030] Next, the operation of the embodiment of the present invention will be described. In the embodiment of the
present invention, for example, at a timing when input/output current to and from the secondary battery 14 is small such
as when the vehicle is stopped, the CPU 10a of the control unit 10 references the output of the voltage sensor 11 and
the current sensor 12, measures voltage Vb and current Ib of the secondary battery 14, and stores these measurement
values as parameters 10ca in the RAM 10c.
[0031] Next, the CPU 10a controls the discharge circuit 15 to discharge the secondary battery 14 at a predetermined
current (e.g. from a few amperes to a few dozen amperes). Note that this discharging is executed, for example, using
a square wave or a step wave. Additionally, the discharging time can be set to, for example, from a few dozen milliseconds,
to a few seconds.
[0032] When the discharging by the discharge circuit 15 begins, the CPU 10a samples the output from the voltage
sensor 11 and the current sensor 12 at a predetermined period (e.g. a period of a few milliseconds to a few dozen
milliseconds), and stores the sampled values as V(t) and I(t) in the RAM 10c as the parameters 10ca. Note that t
represents time and is set to ’0’ at the timing when the sampling is begun; and is incremented with subsequent sampling.
The CPU 10a substitutes the obtained V(t) and I(t) into Equation (1) below, calculates an impedance Z(t) of the secondary
battery 14, and stores the impedance Z(t) in the RAM 10c as the parameter 10ca.
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[0033] Additionally, on the basis of Equation (2) below, the CPU 10a uses the Z(t) obtained through the measurement
and calculates the element values of the equivalent circuit, namely, Rohm, Rct, and C, using the least-square method
or the like.

where, τ = C 3 Rct.
[0034] Next, the CPU 10a corrects the obtained Rohm, Rct, and C to a Rohm, Rct, and C at a reference state. Here,
the reference state is a state where the state of charge (SOC) of the secondary battery 14 is 100% and the internal
temperature Ti of the secondary battery 14 is 25°C. In cases where the SOC and the temperature deviate from the
reference state, the element values are corrected so as to match the reference state.
[0035] Next, the CPU 10a substitutes the Rohm, Rct, and C that have been corrected to the reference state into
Equation (3) below, and calculates an integral gain K2.

[0036] Here, coefficients A1 to A3 are for associating the element values of the equivalent circuit of the secondary
battery 14 with the integral gain K2, and these values do not change with the type of the secondary battery 14, the type
of a vehicle in which the secondary battery 14 is used, the environment in which the secondary battery 14 is used, or
the like. These coefficients A1 to A3 may be measured in advance and stored in the ROM 10b.
[0037] Next, the CPU 10a applies the integral gain K2 calculated using the Equation (3) to a thermal model of the
secondary battery 14 illustrated in FIG. 4. Here, FIG. 4 illustrates a thermal model of the secondary battery 14. In this
example, a relationship between an external temperature Te of the secondary battery 14 and an internal temperature
Ti of the secondary battery 14 is illustrated. In this model, the secondary battery 14 is modeled as a first-order lag system,
and the transfer function T(S) between the external temperature Te and the internal temperature Ti is expressed by
Equation (4) below. Note that a coefficient K1 is not easily influenced by the type, environment, or the like of the secondary
battery 14; and a value calculated in advance for a desired secondary battery 14 can be used as the coefficient K1.

[0038] The CPU 10a applies the integral gain K2 calculated using the Equation (3) to a thermal model such as that
described above. By using such a thermal model, the internal temperature Ti of the secondary battery 14 can be estimated
from the external temperature Te of the secondary battery 14 detected by the temperature sensor 13. By using the
internal temperature Ti thus calculated, temperature-dependent values, for example, the element values of the equivalent
circuit and the state of function (SOF), can be accurately calculated and, as a result, the state of the secondary battery
14 can be detected with high accuracy.
[0039] FIG. 5 shows the results of comparing the integral gain K2 estimated according to the present embodiment
described above and the integral gain K2 obtained through actual measurement. In FIG. 5, the integral gain estimated
according to the embodiment of the present invention is shown on the horizontal axis and the results of actual meas-
urement are shown on the vertical axis. FIG. 5 shows that the integral gain estimated according to the present embodiment
matches the actual-measurement values with high accuracy, and that a determination coefficient R2 is 0.9028, demon-
strating the actual-measurement values match the estimated values with high accuracy.
[0040] Next, detailed operations of the embodiment of the present invention will be described while referring to FIG.
6. FIG. 6 is a flowchart for explaining an example of the processing executed in FIG. 1. This flowchart is executed when,
for example, a new secondary battery 14 is installed in a vehicle (e.g. when a power-on reset is performed on the control
unit 10). Once the flowchart shown in FIG. 6 starts, the following steps are executed.
[0041] In step S10, the CPU 10a measures the voltage Vb and the current Ib of the secondary battery 14 that is in a
stable state prior to executing the discharging. Note that, the state can be determined to be stable in cases where, for
example, the vehicle is stopped and the current flowing through the load 19 is less than a predetermined threshold value
(e.g. a few amperes).
[0042] In step S11, the CPU 10a controls the discharge circuit 15 to discharge the secondary battery 14 in a rectangular
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pulse-like manner. Note that a width of the rectangular pulse can be set to, for example, a range of a few milliseconds
to a few seconds. The discharging may be terminated upon a predetermined number of samplings having been executed
or the element values of the equivalent circuit having been calculated, instead of using a preset width of the rectangular
pulse.
[0043] In step S12, the CPU 10a measures the voltage and the current of the secondary battery 14 while referencing
the output from the voltage sensor 11 and the current sensor 12, and stores these measured values as V(t) and I(t) in
the RAM 10c as the parameters 10ca.
[0044] In step S13, the CPU 10a calculates Z(t) by substituting V(t) and I(t) measured in step S12 into the Equation
(1) described above, and stores the resulting value in the RAM 10c as the parameter 10ca.
[0045] In step S 14, the CPU 10a determines whether or not the discharging is completed. When it is determined that
the discharging is completed (step S14: Yes), step S15 is executed; otherwise (step S14: No), step S12 is executed
and the same processing as before is repeated. For example, when a predetermined period of time has passed, meas-
urement has been executed a predetermined number of times, or the voltage or the current is stable (e.g. when transitioned
from a transient state to a stationary state), the determination in step S14 is Yes and step S15 is executed.
[0046] In step S 15, the CPU 10a acquires the Z(t) stored in the RAM 10c in step S13, applies the value to the Equation
(2), and calculates the values of the Rohm, Rct, and τ using, for example, the least-square method or the like. As a
result, values of the Rohm, Rct, and τ that best fit the change in the Z(t) in cases where the secondary battery 14 is
discharged in a rectangular pulse, can be obtained.
[0047] In step S16, the CPU 10a substitutes the τ and the Rct calculated in step S15 into C = τ / Rct and obtains a
value for the electric double layer capacity C.
[0048] In step S 17, the CPU 10a corrects the values of the element values Rohm, Rct, and C calculated in step S 15
and step S16 to values at a reference state. The reference state is a state where the internal temperature of the secondary
battery 14 is 25°C and the SOC of the secondary battery 14 is 100%. The correction can be performed through a method
in which, for example, a data table or correction formula is stored in advance in the ROM 10b and the correction is
performed on the basis of this data table or correction formula. Note that in order to reduce correction errors when
executing the correction of the temperature, it is preferable, for example, to use an output value from the temperature
sensor 13 for which the stopping time of the vehicle is long (e.g. 12 hours or longer). Alternatively, an estimated value
of the internal temperature Ti estimated using an initial value may be used.
[0049] In step S18, the CPU 10a substitutes the values of the coefficients A1 to A3 that are stored in the ROM 10b
and the element values Rohm, Rct, and C corrected in step S17 into the Equation (3) and obtains a value of the integral
gain K2. Note that the values of the coefficients A1 to A3 are not affected by the type of the secondary battery 14, the
environment in which the secondary battery 14 is used, or the like and, therefore, for example, measured values stored
beforehand in the ROM 10b may be used.
[0050] In step S19, the CPU 10a applies the integral gain K2 calculated in step S18 to the thermal model illustrated
in FIG. 4. Note that the proportional gain K1 is not affected by the type of the secondary battery 14, the environment in
which of the secondary battery 14 is used, or the like and, therefore, for example, measured values can stored beforehand
in the ROM 10b.
[0051] In step S20, the CPU 10a references the output of the temperature sensor 13 and acquires the external
temperature Te of the secondary battery 14.
[0052] In step S21, the CPU 10a substitutes the external temperature Te measured in step S20 into the thermal model
illustrated in FIG. 4, and estimates the internal temperature Ti of the secondary battery 14. Note that the processing of
step S20 and step S21 is preferably repeated for a set period of time in accordance with the time constant of the transfer
function. That is, measurement over a set period of time is preferable because changes in the internal temperature Ti
lag behind changes in the external temperature Te.
[0053] In step S22, the CPU 10a calculates the value of the SOF and the like that is temperature-dependent, on the
basis of the internal temperature Ti of the secondary battery 14 calculated in step S21. Note that other values may be
calculated as well.
[0054] As described above, according to the flowchart shown in FIG. 6, the integral gain K2 of the thermal model of
the secondary battery 14 can be calculated using the element values of the equivalent circuit of the secondary battery
14. Additionally, with this integral gain K2, the internal temperature of the secondary battery 14 can be accurately
calculated and, therefore, temperature-dependent status values (e.g. SOF) of the secondary battery 14 can be accurately
calculated.
[0055] Additionally, by calculating the integral gain K2 from the equivalent circuit of the secondary battery 14, the
internal temperature Ti can be accurately calculated, regardless of, for example, the size, initial capacity, type, or the
like of the secondary battery 14.
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(C) Explanation of Alternate Embodiments

[0056] It is needless to say that the embodiment described above is only an example and the present invention is not
limited to the embodiment as described above. For example, in the embodiment described above, the equivalent circuit
illustrated in FIG. 3 is used, but configurations are possible in which different equivalent circuits are used. Specifically,
a configuration is possible in which an equivalent circuit is used that has two or more reaction resistances and electric
double layer capacities. Note that in cases of using an equivalent circuit having two reaction resistances and electric
double layer capacities, the two reaction resistances are referred to as Rtc1 and Rtc2 and the two electric double layer
capacities are referred to as C1 and C2; and, in such a case, Equation (5) below is used in place of Equation (2).

[0057] Note that τ1 and τ2 are defined as follows: 

[0058] Additionally, Equation (6) below can be used in place of Equation (3).

[0059] Additionally, in the embodiment described above, only the element values of the equivalent circuit is included
in Equation (3) for calculating the integral gain K2 but, for example, a configuration is possible in which an initial full
charge capacity SOH_ini, which can be calculated from the element values, is used. More specifically, the initial full
charge capacity SHO_ini can be calculated using Equation (7) below. Here, f1 (Rohm), f2 (Rct), and f4 (C) represent
predetermined functions having Rohm, Rct, and C as variables.

[0060] The integral gain K2 can be obtained by using Equation (8) below that includes the SOH_ini calculated using
Equation (7) above.

[0061] Additionally, a configuration is possible in which an equation is used in which A0 3 SOH_ini is added to the
right side of Equation (6) above.
[0062] Additionally, in the embodiment described above, all of the solution resistance Rohm, the reaction resistance
Rct, and the electric double layer capacity C constituting the equivalent circuit are used, but configurations are possible
in which one of these is used or a combination of any two of these are used.
[0063] Additionally, in the embodiment described above, an example of executing the processing shown in FIG. 6 for
a case in which the secondary battery 14 is newly installed has been given but, for example, a configuration is possible
in which the processing shown in FIG. 6 is re-executed at a predetermined interval, or in cases where errors in the values
calculated using the internal temperature Ti increase or the like. For example, temperature characteristics change (e.g.
specific heat declines due an increase of lead sulfate) due to the fact that the scientific characteristics of the electrode
plates of the secondary battery 14 change due to degradation (e.g. lead sulfate increases due to sulfation). As such, in
order to reproduce the characteristics that change with degradation, by executing the processing shown in FIG. 6 every
one month for example, a thermal model reflecting the state of degradation can be constructed.
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Reference Signs List

[0064] 1 Secondary battery internal temperature estimation device 10 Control unit (estimation means, calculation
means, determination means, application means, and correction means)

10a CPU
10b ROM
10c RAM
10d Display
10e I/F
11 Voltage sensor
12 Current sensor
13 Temperature sensor
14 Secondary battery
15 Discharge circuit
16 Alternator
17 Engine
18 Starter motor
19 Load

Claims

1. A secondary battery internal temperature estimation device that estimates an internal temperature of a secondary
battery, the device comprising:

an estimation means that estimates an internal temperature of a secondary battery on the basis of a relational
equation showing a relationship between an external temperature and the internal temperature of the secondary
battery;
a calculation means that calculates element values of an equivalent circuit of the secondary battery;
a determination means that determines a coefficient of the relational equation on the basis of the element values
of the equivalent circuit calculated by the calculation means; and
an application means that applies the coefficient obtained by the determination means to the relational equation;
wherein
the estimation means estimates the internal temperature of the secondary battery on the basis of the relational
equation to which the coefficient has been applied by the application means.

2. The secondary battery internal temperature estimation device according to claim 1, wherein:

the equivalent circuit of the secondary battery comprises a solution resistance, a reaction resistance, and an
electric double layer capacity; and
the determination means determines the coefficient of the relational equation on the basis of one or a plurality
of element values of the solution resistance, the reaction resistance, and the electric double layer capacity.

3. The secondary battery internal temperature estimation device according to claim 1 or 2, wherein:

the determination means determines the coefficient of the relational equation by referencing a dischargeable
capacity of the secondary battery in a state of full charge.

4.  The secondary battery internal temperature estimation device according to any one of claims 1 to 3, further com-
prising:

a correction means that corrects the element values calculated by the calculation means to values at a reference
state of charge and at a reference temperature.

5. The secondary battery internal temperature estimation device according to any one of claims 1 to 4, wherein:

the estimation means estimates the internal temperature of the secondary battery by using a transfer function
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of a first-order lag system as the relational equation.

6. The secondary battery internal temperature estimation device according to claim 5, wherein:

the determination means determines an integral gain of the transfer function of the first-order lag system on the
basis of the element values of the equivalent circuit.

7. The secondary battery internal temperature estimation device according to any one of claims 1 to 6, wherein:

the calculation means calculates the element values of the equivalent circuit on the basis of a voltage and a
current during discharge of the secondary battery.

8. A secondary battery internal temperature estimation method for estimating an internal temperature of a secondary
battery, the method comprising:

an estimation step of estimating an internal temperature of a secondary battery on the basis of a relational
equation showing a relationship between an external temperature and the internal temperature of the secondary
battery;
a calculation step of calculating element values of an equivalent circuit of the secondary battery;
a determination step of determining a coefficient of the relational equation on the basis of the element values
of the equivalent circuit calculated in the calculation step; and
an application step of applying the coefficient obtained in the determination step to the relational equation;
wherein
in the estimation step, the internal temperature of the secondary battery is estimated on the basis of the relational
equation to which the coefficient has been applied in the application step.
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